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HOVEL AMPHIPHILIC NUCLEIC ACID CONJUGATES 

i 

INTRODUCTION 

Technical Field 

The subject invention relates to specific 
polynucleotide binding polymers conjugated to 
solubility modifying moieties for inhibition of 
expression. 
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Background 

There is a continuing interest and need for 
agents capable of modulating intracellular expression. 
The agents could have a profound capability of solving 
a variety of genetically associated problems. These 
agents, particularly complementary nucleic acid agents, 
could be used as antiviral agents to inhibit the ex- 
pression of viral essential genes. The agents also 
could act as antineoplastic agents, reducing the rate 
of proliferation of cancer cells or inhibiting their 
growth entirely. These agents would act intracellular- 
ly binding to transcription products by a mechanism or 
mechanisms unknown, to inhibit the expression of a par- 
ticular structural gene. 

There has been substantial interest in this 
possibility and a number of experiments in culture have 
shown that there may be some promise to this approach. 
However, there are also numerous short-comings to the" 
approaches that have been used previously. In order to 
provide for a useful agent for therapy, the agent 
should be effective at low concentrations, so as to 
allow for relatively low dosages when administered sys- 
temically. Secondly, agents should be relatively 
stable and resistant to degradation by the various nu- 
cleases. Thirdly, the agent should be very rapid once 
introduced into the cytoplasm and highly specific in 



WO 88/09810 

W W PCT/US88/02009 

2 

Mhding to its complementary sequence. s0 a3 t0 ayold 
long incubation perioda . Fourthi ox* 

able to penetrate the membrane. The agent should be 

5 tratL • ° 0nCe,,tratlon3 t0 "O" hxth concen- 

trations in the blood stream. Fln al ly . adverse effects 
to the mammalian host should he minimized and thl oL 

semo response.. Mh U e various or these criteria mav I. 
compromised to different degrees ,.„. , may 
10 been produced so far fan ffr shirt , 

-Ittt find general use " °' 388013 ^ 

Relevant r.Ueraturn 

15 „, ... ° f rslat1 "^ =fort probes to maximize 

selectivity while retaining high sensitivity to sTLle ' 

base mismatches is suggested by s.osta*. et al 

methods (1979) 68,«,9-»29 ; Bu , 

flologi (1972) ^..,98, itakura and RiggTl^ff 

«6;,C23-,02 . 8a uu ' TtT"' iJtel^ttfc. C,98„ 

or specif iT„ cle a :: " 8 nU ° b " °' P "°" 3 « ^ «• 

tion si f" e L D iI ,U r 06S " tnh " U «P«»- 
30 Jfat, . ! "ample, Zameclnk and Stephenson, Proc 
.gati. AO ad. s M (w8) 75!280 _ 28 ,. * ° 

Cellule »,„„,-_ . ■ — W»=etjl., 

Si- Science (1986) 233.569-57, , ^ ' Vali " ^ 

"ethyiphoXitrr:!:: 1 ::. 3 ? as mest " s « 

in -ression^ut: ^^E^ 
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197«) iaiW 87-M95, Barrett et al. , Ibid . 
II: 897-4906; Miller et al.. IM,. (1^ 16:1988-1997- 
Miller et al. , Biochemistry (1981 ) 20:1873^880- Blake' 
5 Biochemistry , (1985a, b) 2^6132 and 613-1. Smith 

r ~ ' ° G ' Wat>1 - ftf!ad - Scl - C1986) 83:2787-91 • 

Agns et al.. Biochemistry (1986) 25:6268-6275; Miller 
et al. , Biochemistry ( 1986) .25_: 50 92-5097 . 
hfnri . Modif ^ nucleic acid ae quences 'f or enhancing 
bin dlng to the complementary sequence are reported by 

Z ~ B f ' f Y - Eng - R6 «- "*>.301-320, summerton 
^2£^^ (1979) 78:77-99; Knorre (1986) Adv. 
E °g. Reg. 1986:277-300. 

Reduced immunogeniclty of proteins conjugated 

'5 °" l *T nene ° l7 ° o1 Is ro,,or,: »* T °°«<" u* PalL 
W86/04K5 (PCT/ lI5 8 5 /0 25 72) and Abueho-skl et al 
.gancer Blochen,, Blnpnyn (198.) 7.-175-186. "78^0 
B.S. Patent Noa. 4,511,713 and «, 587, 0K«. 

20 SUMMARY O F THE TMVRMttam 

om ,, rl „ M0Vel «»«•»<>' «>1« conjugates are provided 
comprising , relatlV9ly anort m 

" tary t0 3 Se,Uen " 0f ^ modify »g 

in traoellular evasion, a linking group, and a g" 
2s "Won mparts amphipnliic character to the final 
product, usually more hydrophobic than hydorphilio 

"here hydrophobic Includes amphipnliic . The „ c io 
acid aty Bay lnoluda noroai ^ other e^ 

Phate groups or modified phosphate groups or bases 
other than the normal bases where the modifications do 
not interfere with complementary binding of the 
se,u of lat ^ ^ 

inhibiting fflRK * maturation and/or expression of 

Mils, of viral proteins in viral infected cells, and 
essential proteln(s) of human and animal pathogens 
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DESCRIPTION OF THE SPECTrrr EMBODIMRmt* 
The subject invention provides novel nucleic 
-id conjugates for inhibiting intracellular mRM mat . 
5 ur.txon and/or expression of a structural gene. Con- 
jugates comprise a relatively short oligonucleotide se- 

III ITT Upophilic balance) to - 

amphiphilic product product. The amphiphilic nature of 
1Q the product aids in the transport of the conjugate 

across the cellular membrane and can provide additional 
advantages, such as increasing acueous or liouid 
solubility of nucleic acid derivatives, e.g., use 0 f an 
amphiphilic group to enhance water solubility 
15 -tain methyl phosphonates and stabilizing normal 
nucleic acids to exonuclease digestion. 

tf111 h FOr the oost P art ' impounds of this invention 
will have the following formula: 
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P(X)Z 


. I- 
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1 

N 
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X is usually a pair of electrons, chalcogen 
Oxygen or sulfur) or amino, particularly NH 

r* S f„ ,? * natUrally °^rring or synthetic sugar 
residue linked at two of the 2 » v a „„ >. „ 
the five n«r.h«„ ' 3 nd 5 hydr oxyla of 

the five carbon sugars and at comparable sites for slx 
carbon sugars, where the sugars will usually be r ibo e 

' ° r ° ther 5 ° arb0n ° r 6 Part - 

ularly 5 carbon, sugars such as arabinose, xylose 
glucose, or galactose; *Mose,. 

N is any natural or unnatural base (purine or 
Pyridine) capable of finding to and 

dine! r ine ° P Pyrinidi -' ^e purines and pyr ^- 
^ ° ay 56 thS ^oxyribose nucleoside pur" s 

Tul dT SUCh 33 adenlne ' thymine 

vZTlZ^ PUrIneS ^ ™ as ' 

uracil, inosine, and the like. 
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L la a linking group which is derived from a 
polyvalent functional group having at least 1 atom not 
more than about 60 atoms other than hydrogen! usually 
not more than about 30 atoms other than hydrogen 
having up to about 30 carbon atoms, usually not more 
than about 20 carbon atoms, and up to about 10 hetero- 
atoms, more usually up to about 6 heteroatoms, particu- 
larly chalcogen, nitrogen, phosphorous, etc., non-oxo- 
carbonyi (carboxy carbonyl), oxo-carbonyl (aldehyde or 
ketone), or the sulfur or nitrogen equivalents thereof 
e.g., thiono, thio, imidyl, etc. as well as disulfide ' 
amino, diazo, hydrazine, oximino, etc., phosphate, 
phosphono, and the like. 

15 M is a solu *ility modifying moiety which 

imparts amphiphilic character to the molecule, particu- 
larly hydrophobic with phosphates and amphiphilic with 
Phosphonates, which will have a ratio of carbon to 
heteroatom of at least 2:1, usually at least 3:1, fre- 
2Q quently up to greater than 20:1, m ay include hydro- 
carbons of at least 6 carbon atoms and not more than 
about 30 carbon atoms, polyoxy compounds (alkyieneoxy 
compounds), where the oxygen atoms are joined by from 
about 2 to 10 carbon atoms, usually 2 to 6 carbon 
25 atoms, preferably 2 to 3 carbon atoms, and there will 
be at least about 6 units and usually not more than 
about 200 alkyieneoxy units, more usually not more than 
about 100 units, and preferably not more than about 60 



30 



One Y is a bond to L, while the other y i3 a 
monovalent oxy, thio, amino, sugar group or substituted 
functionalities thereof, or alkyl of up to about 20 
usually of up to about 6 carbon atoms, when bonded to 
' ° r h y dr °Sen, hydrocarbyl or acyl of from 1 to 30 
35 usually 1 to 12 carbon atoms, or substituted hydro-' 
carbyl or acyl having from 1 to 4 hetero groups which 
are oxy, thio, or amino when bonded to Z. 
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a is at least 5 and not more than about 50 
usually not more than about 35. ' 

The phosphorous moiety may include phosphate 
Phosphoramldate, phosphordiamidate , phosphoroth o at e 

th otr th r ate ' Ph05Ph0 ™ thi ^e. P^osphora do 
thiolate, phosphonate. phosphorimidate and the li ke 

tn^m PUrlneS Pyrifflidi «es may include 

thymidine, uracil, cytoaine, 6-methyluracn 4 6 h-v, 

-oxy P y rimidlne , isocyfco3ine) n» 2]' x ; ; ;r " 

adenosine, guanosine, and the like. anth1 ^, 

The sugars may be ribosp ar. a K<„ 
or a-deosv derivative/thereof (ithT ' 
a!so enpl ov hexoaea. " nucleoa "« «T 

,5 Dior.* / Va " ety ° f Unkl!18 grou " a be em- 

oligonucleotide. tte funouo^it, P eaen 0 " 1 

pounds th. , ! " Unklng POlyf-otlonal com- 

pounds. The linking groups Includes 

0(CB 2 ) n 0- ! -0(CH 2 0H 2 IIH) m - i -»5(ch ) «„ " ^nWi- 

* wner em x is 2,5-quinondivl v < <, 
succindioyl) tn fn^ . «« Ui y Al x l3 (3 _ 

yiJ t0 form succinimidyl, n is usuaVw • 
range of 2 to 20, more usually I 0 , I T " ^ 
10, usually 1 to 6. ' m iS 1 to 

35 variety or^ro^? 7 "^ 111 * « P0U ' be * »«• 

Uc, heterocm ' T? "^"^ "o. alicyc- 

- xeast 6, i: r :us iiT ;^::^r e T f ' usuaiiy of 

■ny at least 12 and not mora than 
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about 500, usually not more than about 200 carbon 
atoms, having not more than about 1 heteroatom per 2 
carbon atoms, being charged or uncharged, including 
5 alkyl of at least 6 carbon atoms and up to about 30 
carbon atoms, usually not more than about 24 carbon 
atoms, fatty acids of at least about 6 carbon atoms, 
usually at least about 12 carbon atoms and up to about 
24 carbon atoms, glycerides, where the fatty acids will 
1Q generally range from about 12-24 carbon atoms, there 
being from 1-2 fatty acids ,' usually at the 2 or 3 posi- 
tions or both, aromatic compounds having from 1 to 4 
rings, either mono- or polycyclic, fused or unfused 
polyalkyleneglycols where the alkylenes are of from' 
i5 2-10, usually of from 2-6 carbon atoms, more usually 
2-3 carbon atoms, there being usually at least about 6 
units, more usually at least about 10 units, and usual- 
ly fewer than about 500 units, moreusually fewer than 
about 200 units, preferably fewer than about 100 units 
2q where the alkylene glycols may be homopolymers or co- ' 
polymers; alkylbenzoyl, where the alkyl group will be 
at least about 6. carbon atoms, usually at least about 
10 carbon atoms, and not more than about 24 carbon 
atoms, usually not more than about 20 carbon atoms- 
alkyl phosphates or phosphonates , where the alkyl group 
will be at least about 6 carbon atoms, usually at least 
about 12 carbon atoms and not more than about 24 carbon 
atoms, usually not more than about 20 carbon atoms, or 



25 



the like. 



30 



35 



The solubility modifying group may be charged 
or uncharged, preferably being uncharged, under physio- 
logical conditions, usually having not more than 1 
charge per 10 atoms of the group other than hydrogen 
Illustrative groups include polyethylene glycol having 
from about 40-50 units, copolymers of ethylene and 
propylene glycol, laurate esters of polyethylene gly- 
cols, triphenylmethyl, naphthyiphenylme thyl , palmitate 
distearylglyceride. didodecylphosphatidyl , cholesteryl' 
arachidonyl, octadecanyloxy , tetradecylthio , etc 
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ow ... FUnCti0nalltie3 "hich niay be present include 
oxy, ttuo, carbonyl (oxo or non-oxo), cyano, halo, 
mtro, aliphatic unsaturation, etc. 

^ Of particular interest will be oligonucleotide 
conjugates of the following formula: 



{Y 1 | P(X 1 )Z T 

f 1. 



li 



Y 1 } - L 1 - M 1 

} 

,1 } 



10 , 

X is nitrogen or oxygen; 

3. „h =, Z ' 13 rIb039 ° C "•"■"""O" substituted at the 
3' and 5' positions; 

One y' is a bond to l' and the other y1 t3 h y- 

» Z' alky1 ' " Mln0 ClnC1Udi "S -^tituted 

a lM ' e : s :' «n. .to.) of fro* o to 3 carton 

atoms or a „„ carbon 3ugar> ■ ^ ~ 

::ide: f to r z°. to u3uauy ? to 6 ~ — 

20. , • ' 

hvh.,,,. 13 anir PUrlnS ° r """Ml" which can 

p«ii d r to the • naturauy ° oourrins »«'*»•• - 

pur ne o " """^ 3 " atUr "^ 

purine or pyrimidine; 

» „„ fc iS * linMn e e r °«P of at least about 2 

usua l""T an<1 TOr9 than ab °" 30 carbon atos, 

iu. usually -6 heteroatoms, which win be 
oxygen, nitrogen, and sulfur, particularly as oxy 
amino, or thio; *' 

Dhobia ^ SOlUbUit i r -odifying moiety, hydro- 

Phobic or amphiphlUc, which is desirably a po^yaLyl- 
eneoxy group of at least- about 20 mu . ana n > 0 ™ 

units h UnU3 ' "° Mlr — ««. -"out "o 

35 a I : ^ alkriene — - *™ *-3 =a on 
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»' l» « least 5, usually at Last 7 ana gen- 

about 30, more usually ranging from about 11 to 30 
preferably from about 13 to 30. 

In preparing the subject compositions, the 
ol gonucleotide and the solubility modifying Boiety 
will usually exist as independent moieties and may be 
Joined together by a linger arm. The oligonucleotide 
)o may be made by any convenient synthetic procedure. For 
the most part, recombinant procedures will „ ot oe „. 
Ployed, although in some situations they may be useful 
Various commercial synthetic devices for preparing 
polynucleotides are availabie from a number of eompa- 
such as Applied Biosystems m=.. Biosearch, Inc. 
and Pharmacia. A variety of procedures are Known for 
employing blocked oligonucleotides as their trlesters 
Phosphoramidites, phosphonate, , ,r the 1Ike ,.»C " 
cycling procedure is employed, and the indrvidual 
2Q nuol.otidea are added in succession. 

At the completion of the synthesis, various 
rotocols may be .employed. Preferably in most ca" es. 
the terminal blocking group may be removed and the 
linking arm Joined to the terminal nucleotide. 
^ Alternatively, all of the blocking g roups „•„ 
removed and the terminal nucleotide modified, by 
addition of the linking arm. where the linking arm may 
be specific for the final oligonucleotide, m some 
-stances, the terminal blocking group may serv as all 
3Q or part of the linking arm. Alternatively, the 

oligonucleotide may be removed from the support and 
then mandated further, particularly where the 
linking group to the support may be used as the linking 
arm for joining the hydrophobic modifying moiety. 

35 5 . 0 rVT MU " 3 f ° r fU " her rationalization of the 
Chu 11 n ° f "'^^"'"es may be found in 

Ch" an Orgel DHA (1985) 1=337-331; Connolly and Rider 
jfucl. Acids »pj_ (i9S 5) W5 . K02- 
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Depending upon the functional! Mo« 
both lnorganic Md organio _ oxygen te« 

acc ivating groups may be employed aunh 

jara-nitrophenyl ester, etc. ' 

Various active functionalities can be em- 
Ployed, such as isocvanato*. 
10 chloride * < lsoc yanates, diazo groups, imino 
chlorxdes, imino esters, anhydrides, acyl haii^ 

concurrently »n.». «.u subsequent to or 

currently with the addition of the if n ,, fK 

20 the oligonucleotide For «,„ V 8 to 

OAUe * *or the most nar»t <-u ^ & . 

modifying moiety win bp 9 „ „ ' & a °lubiii t y 

• 1 be ad ded subsequent m 
tion of the i co the reac- 

olisonodeoMde u «* 1 «<»'««*ld. while the 

already tnaloa e ^ " 9 0 ° ^'V^ » 
^ anl the aolub u« y ZTr , *" '* e " nkln * 

the particular "unetL T "° 1 ' t ' V " y "™ 

^n,uiar functional groups oresenf *v, 

of polar ana non-polar solvents !^ ► ° M " >ln " 1 <"> 3 

35 — water, acetonn m ' d ^!T^ ^ 

ethyl ether, ethylene chlor < e < ""T «- 

«"r 9s „ m 69 f „ tfte «=• Reaction teaper- 

« part m the range of about 
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-10 to 60o C . Usually, after completion of the reaction 
between component of the conjugate, the resulting 
product will be subjected to purification. 

The manner of purification may vary, depending 
upon whether the oligonucleotide is bound to a support. 
For example, where the oligonucleotide is bound to a 
support, after addition of the linking arm to the oli- 
gonucleotide, unreacted chains may be degraded, so as 
to prevent their contaminating the resulting product. 
On such cases, the bonding of the linker to the oligo- 
nucleotide must be sufficiently stable to withstand the 
cleavage conditions from the synthesis support, e.g 
cone, ammonia. Where the oligonucleotide is no longer 
bound to the support, whether only reacted with the 
linking arm or as the conjugate to the solubulity 
modifying moiety intermediate or as the final product, 
each of the intermediates or final product may be puri- 
fied by conventional techniques, such as electrophore- 
20 f 1 !' 30lV6nt extraotion - HPLC. chromatography, or the . 
like. The purified product is then ready for use. 

The subject products will be selected to have 
an oligonucleotide sequence complementary to a sequence 
of interest. The sequence of interest may be present 
xn a prokaryotic or eukaryotic cell, a virus, a normal 
or neoplastic cell. The sequences may be bacterial se- 
quences, plasmid sequences, viral sequences, chromo- 
somal sequences, mitochondrial sequences, piastid se- 
quences, etc. The sequences may involve open reading 
3q frames for coding proteins, ribosomal RNA , snRNA, 
hnRNA , introns, untranslated 5'- and 3'-sequences 
flanking open reading frames, etc. The subject 
sequences may therefore 'be involved in inhibiting the 
availability of an RNA transcript, inhibiting expres- 
^ axon of a particular protein, enhancing the expression 
of a particular protein by inhibiting the expression of 
a repressor, reducing proliferation of viruses or neo- 
plastic cells, etc. 
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The subject conjugates may be u,ph < . 

ja jasa for modify^ th . pheno * o 6 f 9 is.H£E2. »r 

the proliferation of path ^ e '"° uoh ' " mUtn! 

, t«l.. protists. mycoplasma " J " TlrU "*' 

classes of normal cells th ° P 3peoi "<= 

compositions in therapy' b , ^ the 3ub J ect 

to or la a disease, ZT"^ *° 3 
->Jeet compositions to ^ 'LT °" °' 
,0 « expression of the „ati« 1 tranawl P"<»n and/ 

-bject composition 1 T ~ "V": "» 
-riety of pathogens ta \ IZ^l ^T^ * 
toxigenic bacteria, Pneu n oco=cus 1^ entSr °- 
, 5 P-ists, such as Ciardia. 12 oe T" "n" 0 ; ' 

cells, such as oarel n « ma ' ne °Piastic 

— B-ceus. 3 r;-::r"ur hona - — 

-Pressor o. il3 . CTL, K , Lcc 9te " hSlP ' r 

The subject sequences may be s»i»„ f „ 
be capable of interfering with tra„ ? S ° " t0 

saturation or expression of pL el n 3 b Pr ° 4UOt 
mechanisms iny olTed w , ,_ h " proteu >3 by any of the 

^position to its tar'e t ^ """"^ ° f «*• "^Ject 

-* IhdMe interfered ui 3 !H USn ° e ' °>^°°s 
transport across the , " Pr,509M1 "*. Inhibition of 

25 -onuoleases or "he lit" * embra " e ' — »* . 

«* =e,ue T ^:t J l\:~ eS ^ bS to 

•l~inea, ^SZZZlZT* "™ 
on MSG antigens, DKA or »„„ „ , 1 reoep tor 

30 tanoe. muitiple il s reL° IT""' antl "° tl0 

"th metabolic prooessL " " ' 89MS InT01 ™ 

- introns or flaliV ^ '««•• » 

35 open reading f £* T* —"-fd «th the 

--onai T %^rLT: h :^:^r"- ° f - 

6 sub Ject compositions. 
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Antivirals, Animal 

Antibacterial, Human 
Antiparasitic Agents 

Cancer 

Direct Anti -Tumor 
Agents 

Adjunctive Therapy 



Auto Immune Diseases 
T-cell receptors 



AIDS, Herpes, CMV 



Chicken Infectious Bronchitis 

Pig Transmissible Gastroenteritis 
vi rus 

Drug Resistance Plasmids, E. coli 
Malaria 

Sleeping Sickness (Trypanosomes) 

c-myc oncogene - leukemia 
other oncogenes 

drug transport 

Hheumatoid Arthritis 
Type I Diabetes 
Systemic Lupus 
Multiple sclerosis 
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° rSan ™ney - OTK3 cells cause OVHD 

to . ho JT S ° bJe ° t c <" npo3ltl °" 3 -r b. administered 

le her he ' ' arl9ty ° f ""^ """"^ -P- 

whether the composites are used jn vitro or in nvo 

in vitro., the compositions may De int r^u7 ea 3^ 

nutri, nt a 30 as to modulate 

o 11 nteT ' tranSfer a0r °" ' h9 " 6 » 6 «- l«to the 
cell interior such as the cytoplasm and nucleus Th! 

:: ;:: ooBp T uon3 ••».«■- — « . . "w 

an™ ♦.*, research purposes, for evalu- 

ating the effect of variation ^ 

metabolic processes J 1 ** 1 ™ °/ on various 

Products, variation , Pr ° dUCti ° n ° f P««°ul«r 

3. variation in product distribution, or the 
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like. While no particular. add! tivea are neceaaarv ,„„ 
ranap.rt of the subject depositions intrace u^L 
the subject oppositions aa v be aodified by b t,T 

> :rr lated in iipo3o °" - « x^; 

u=eo a „ conjunction- „th pereeabilizmg agents V 
hon-ionic detergents, Sendal virus, etc S " 

part i cuxa^^ o ^f• th T s l r tra " 0n • dependinB — 

,„ administered vartty of ™ * 

'° infusion, tablet Itl JL T' ™* " ln >°"°". 
taken orall„ ^ the °°'"'>«i«°na may be 

=utaneoua 1 ?^n"I x ^ V :^ Ul r ly • int ">«"™r. aub- 
"usijr, mtralesionaUy, or the like Tha 

may be formulated in a van t ^ ^ ^ 

dispersed in wa ys, oelng 

„,.„, ' oni2e<1 "ater, water, phosphate buffered 

oan be augge'ted L th ' " Pa " l0Ul " =°°P«itio„ 
-J - appropriate 

» Sra "i^r r inoiMea - 3uoh 

i-ta. eto. add t " rUgS ' **««•"•. 

wouid general!^ ZlZZT - 

30 ^aage, as ^propria"' ToTnllllT^ " '"""^ 

30 high as 99 . 9l or 0 ! th " 047 be " 

the amount of "~ 
"-rati: « ^^t"^— " ^ « 
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EXPERIMENTAL 
EXAMPLE 1 

Synthesis of Polyethylene Glycol Derivatives of 
Normal DNAs Using Aminolink, Benzoquinone and 
Bis-(Aminohexyl) Polyethylene Glycol 

Chemical Synthesis of DNA oligonucleotides by the 
Amidite Method. 



The chemical synthesis of DNA can be carried 

out using slight modifications of the conventional 

phosphoramidite methods on any commercially available 

DNA synthesizer, This method is a modification of the 

technique described by Caruthers and coworkers 

15 (Beaucage and Caruthers, Eur. Pat. Appl. 82/102570, 

In this technique , 0.1 M nucleoside phos- 

phoramidites dissolved in anhydrous acetonitrile were 

« 

mixed with an equal volume of 0,5 M tetrazole and se- 
quentially coupled to the 5 f -hydroxyl terminal nucleo- 
tide of the growing DNA chain bound to controlled pore 
glass supports via a succinate spacer (Matteucci and 
Caruthers, Tetrahedron Letters (1980) 21 ;71 9-22, 
Nucleoside addition was followed by capping of unre- 
acted 5 f -hydroxyls with acetic anhydride, iodine oxi- 
dation, and 5 T -detritylation in trichloroacetic acid- 
methylene chloride. The resin-bound oligomer was then 
dried by extensive washing in anhydrous acetonitrile 
and the process repeated. Normal cycle times using 
this procedure were 12 minutes with condensation 
efficiencies of >9Q% (as judged by trityl release). 

As the last step of the synthesis, trityl was 
removed from the product* oligonucleotide chains and an 
aminoe thanolphosphoramidite was added to the 5 1 - 
hydroxyl using Aminolink (Applied Biosystems, Foster 
City, CA) . The resin-bound oligonucleotide was then 
deblocked and released from the column using a method 
appropriate to the type of phosphate linkage present. 
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hvLoLT P,,03phodlea "»- fro. the co lum and 

hydrolysis overnight at 55°C In concentrated aaeoniu* 
Hydroxide »aa appropriate. 

5 from sot 11,8 Pr0<1UCt *" the " ^e.eral tlaes 

from 50$ aqueous ethano! and purified via reversed 

Phase HPLC c-8 suica columns, eiuting with , to 50* 

gradient, if required, the materia! nay he further 
'0 Till V 10n - exohan « e ■«* on Nueleogen DEAE So-7 
" 7 W " h 2C * -t-«ru.,a mM a^onlu* acetate. 
L ?:*•• re °° TSrM — tta. characterize 

by gel electrophoresis on 75* polyaorylaalde gels 
carried out as described by Ma*a 0 and Gilbert In Heth- 
^a-aS-feaSlStt (.980) 68:« 99 - 5 60. OUgonuoleotct 
in fmi ned S9l3 xere visualized using stains-ail. Z 
•UiM-iU procedure did not worK for uncharged olUo 

20 then fUlly (,ebl0 '* M Purified product is 

then converted to the appropriate polyethyiene g Iy o 0i 

e a r- U " nS a 3Ulta " e ° 0UM1 ^ *•<*«'«-■ S - 
121 rt te ° hni,UeS oan b = tnoluding benzooulnone 

y oT' SMCC (SU =" nl »"^ ^(^aleJldeoL h- 

» « ! " e " SO * jUk *- SPDP «-«oinl n id yl 3 . 

l^Ino! ^ Pr ° Pi0nate> "^onndilnidazole, 

Ammollnk. diauocinimidyl suberiaidate and 

pnenylisocyanate . 

of benzoquinoiie in 0.1 m- aodinm h« u excess 
After i n„ t sodium bicarbonate ( p h 8.5). • 

After 1 hour at. room temperature, the excess unrated 
benzoquxnone is remove d by Sephadex G „ ? eaCted 
tograohv Tho W<1 " G 25 c °l^n chroma - 

Je to 1 m , P^^^^ene glycol is then 

™A ol! g m r c n ° ^. biC - b ^e and reacted wit h the 
xgomer containing a reactive a.ine linker arm in 
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a molar ratio of 10:1 and the reaction allowed to pro- 
ceed to completion. At the end or the reaction (gener- 
ally overnight) the unreacted oligomer is removed by 
gel-filtration on Sephadex 0-100 and the complex char- 
acterized by polyacrylamide gel electrophoresis (of 
Maniatis, etal., Molecular cloning, A laboratory 
-nual (1982) Cold Spring Harbor Laboratories, Cold 
Spring Harbor, NY). Furfcher purif lcation Qan fae 
effected using ion-exchange chromatography and gel 
electrophoresis as required. 

The structure of the product of these 
reactions is: 



15 



20 



0 

if 

oligomer - P - o 
I 

OH 



J C - JH - (CH 2 )g - peg (3500) 
(CH 2 ) 2 - NH - c C 

\ / 
C 



EXAMPLE 2 

.Synthesis of Pn, whTlnn1 P1 ,„ B . plr . M „. .._ 

25 P"As Using ai,lnollnk and r* ^ mlinmUI „ n ,- 

Activated Poly ethylene m.»„i 

.as synthlV? 9XamPle Anlnolink oHsonudeotide 
was synthesized as described m E3£an p le j. UUt „. 

««1 of the oilier rro» the support and de M o=,cl» g 

the «. evaporated m vacuo and 

^solved m 0.,„ MaHC 03. pH 6.5 and purlTleT^ a 025- 

Tt\ ° 7" 9 " r "*° u ° a 0 lne-contami„ g .aterlaX 
V " elBht : ™« •<*««•» was then aade to 

35 0 2 M ln oarbonyldll.lda.ole-actlvated polyethylene 

a 8 ; IT-c™ 37 ' 20 ' 000) and all °" ea to rea=t °' e ™^ ht 
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Unbound oligonucleotide was removed by gel 
filtration on Sephadex G-100. On thi 3 column the 

whiL le ^ el r ed ^ eXClUd6d VOlUmS ° f th * oolu„ 
while the free oligonucleotide and unbound polyethylene 
glycol were retained. This material was then 
concentrated in vacuo and the complex characterized by 
Plyacrylamide gel electrophoresis (Maniatis et al., 
Q 1982; , supra . ' 
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EXAMPLE 3 

Synthesis of PMy.thymnn riy n Deri T at,v„ , e 

» HydroxysuoolnlMd,, „.„...-,, p olTc . h „„„ ,, ~ 
In this method DBA i a synthesized a3 in Ex _ 
«». J with the exception that the trlty! group is 
removed without the further addition of he ZZo nk 
Phosphoraoidite. After Durifi= a >-. n » „ , "° unoilnlt 
eel eleaf.^nh- ■ Wfloation by polyacrylamide 

!lth t* T ' Pr ° dUOt MA 13 ""osphorylated 

with the forward reaotion of 14 polynucleotides kinase 
aooording to standard procedure, (Miller et al . N »T 

(1980) n.:560-S. Labeled oligomers oan be separated" 
from unreaoted ATP by DEAE chromatography a^d 0- 8 
reverse phase columns (e.g. Waters C-,8 
Samples are checked for purity on analytical z 0% 
polyacrylamide gels. 

with 1 IT P hos P^rylated oligomer is then treated 
»ith 1-methylimidazole and hexanediamine. in the orl 
ence or EDC carbodiimide according to th method o h _ u 
and orgel DNA (1985) 1.-327-31. This reaction 
covalently couples the cfiamine llakw to the 

^ctjtj:: a - — .th ^ 
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0 
1/ 



10 



oligomer - P - NH - (CH ) -NH 

I 2 6 2 

OH 

The amine linker arm oligomer is then conju- 
5000) a3 ° ; Q H i S ; SUCCi ^ 1 — thoxypolyethylene glycol (mw 
5000) as fouowa. The oligonucleotide i 3 dissolved to 
a final concentration of 100 ,M per liter in 50 mM 
sodium phosphate buffer, p H 7.1 containing 0.15M 

PEG (SOo'o 0 )' 1113 SOlUti ° n 3 10 f ° ld m ° lar 6X0933 of «- 
PEG 5000) la adde<1 a3 a dry aQlid> aUowed ^ d 

and the reaction mixture incubated overnight at 25-C. 
The prod t ls then purified by fUtrat . on 

aatography on Sephadex G-100 in water and characterized 
15 by polyacryl aiald e gel electrophoresis. ** ot *"*« 
The structure of the final product is- 

B Jo" 

oligomer - P - NH - (CH ) - NH - C - (ru \ J- « 

I 25 m C (CH 2 J " C - 0 - PEG (5000) 

20 • ™ 

EXAMPLE 4 

Synthesis of -Poivethvign* «i T ^ T Prrf ri , f 

Normal DNAs n Hfn>P Tnttftl . nle Actt .,„,„.„_ 

Acid Esters and BH-ihrnnoalkTl p^^^T^^ 

In this example, DNA was synthesized according 
to the method given in Example 1. After synthesis the 

lllTlllT 1 * 1 ™ reUlned ° n ' the ^nthLis su ; 0 

The solid T mOVed 5 ' Wd ° f the 

The 301id material Mas then thQr 

30 y ,ous acetonitrile and blown dry under a 

^y argon. Using a plastic syringe, 1 CC of 0. 3 M car- 

a7 slT 3 ; 01 : diSS °" ed " — onitrile 

was pushed slowly through the synthesis column contain- 
ing the support bound oligomer over the course of , 

3 he Ur c 0lu The 5 ' a '^"-"-«ol- activated oligomer on 
he col wa3 then washed ^ exces3 

^ .1 of acetonitrile and subsequently treated for 6 
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*ours Wit h 0.1 M bis (aminohexyl) polyethylene glycol 
m acetonitrile, water, acetonitrile and methylene 
chloride in succession. The polyethylene oligomer 
oo-j«g.t. was then elated with concentrated ammonium 
hydroxide and deblocked in the same by incubation at 
- , - > C for 5 hours. 

The reaction product i S then purified by high 
Z fUtrati - ^omatography (HPGFC) on a 

per minute. Further purification may be effected by 
agarose gel electrophoresis. The structure of the 
final conjugate synthesized by this method is: 

0 n 
15 II 0 

oligomer - 0 - A - NH - (CH ) - m - c - (rw \ n I 

2 6 ( 2 6 " " " PBG (5000) 

EXAMPLE 5 

Synthesis of r.onr Chain Allcan. no„<,„ M .. ri nf 
20 Normal DNAs Trains ---t^ 

Carboxylio Acid Ester* » , lnoaliEMWlt 

me n, / n tiliS . exam P ie ' a 20 nucleotide DMA comple- 
mentary to the initiation re«Mr>n 

was ovm-w^ • , 6iac ion region of mouse B-globin mRMA 

:; ythes A ;; ed accordi <* *» method ilw in Ex . 

25 ' 1 SyntheSi3 ' ^ P'oduet material was re- 

from L 5 ^ r theSiS 3UPP0rt MUh — d . 

12 then ?„ a0leCUle ' ThS SOlid -serial 

Ind IT th ; r ° UShly WaSh6d With "«*drou. acetonitrile 
and blown dry under a stream of dry argon. tJsing a 

30 so'e Ti 3 ™' 1 CC ° f °: 3M -™iimida 2 ole dis- 
solved in anhydrous acetonitrile was pushed slowly 

bouT:;' 6 s7nthesis eoiumn c ° ntaini ^ ^ ~t- 

bound olxgomer for 45 minutes Th„ w 
» t minutes. Tne 5' carbonylimidji- 

zole activated oligomer on thp m °nyximida 
free of lunm was tnen wa shed 

35 free of excess reagent with 15 ml of acetonitrile and 
then treated with n o w a ^^mtrue and 

water fm I leaned iamine in acetonitrile: 

water (10: T) f or 30 minutes. 
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The material on the column was washed free of 
unreacted decanediamine with acetonltrile and water and 
then eluted from the column in concentrated ammonium 
5 hydroxide solution. After removal from the column, the 
ammonium hydroxide solution containing the oligomer 
conjugate was placed in a sealed vial and incubated 5 
hours at 55°C. 

The product was then lyophilized several times 
iq from 50* aqueous ethanol and purified via reversed 
Phase HPLC C-8 silica columns eluted with 5 to 50* 
acetonitrile/25mM ammonium acetate, pH 6.8 in a linear 
gradient. If required, the material may be further 
purified by ion-exchange HPLC on Nucleogen DEAE 60-7 
^ using 20* acetonitrile/25 mM ammonium acetate, pH 6.5 
as eluent. The recovered product was then character- 
ized by gel electrophoresis in 15* polyacrylamide gels 
carried out as described by Maxam and Gilbert in Meth 

Jnzymol^ (1980) 68:499-560. Oligonucleotides in ~ 

2q finished gels were visualized using Stains-all. 

The presence of a primary amine was determined 
by two methods. First, reaction with f luorescamine 
produced a fluorescent product characteristic of the 
presence of a primary amine while no fluorescence was 
25 observed with similarly treated control oligomers of 
the same type but lacking the amine linker. Second, 
the decane conjugate was dissolved in 100 m 0.1 M ' 
sodium bicarbonate to which was added i mg of fluores- 
ceinisothiocyanate (FITC) . After 1 hour of incubation 
3Q the unreacted FITC was removed by gel filtration 
chromatography on Sephadex G-25 spun columns. The 
product was then analysed by polyacrylamide gel 
electrophoresis as described above and the fluorescent 
band product visualized under UV illumination. A 
35 single fluorescent band was observed which corresponded 
to the oligomer visualized by subsequent staining with 
ota ins -all . 
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The product of this reaction is an alkyl car- 
bamate which is stable - to moderate exposure to concen- 
trated base. The structure of the final conjugate syn- 
thesized by this method is: 

5 

0 
I 

oligomer -O-C-NH-(CH) - NH 

2 10 2 

Other monoanrinoalkyl. and aryl derivatives can 
10 be produced by this method. Other molecules in this 
series which have been constructed include the deriv- 
atives made with ethylene diamine and hexane diamine. 
Higher chain length additions may require slight 
modifications of the solvent polarity in order to 
15 achieve the necessary concentrations. Alternatively, 
lower concentrations may be used if the reaction times 
are extended. 
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EXAMPLE 6 

Synthesis of Poly ethylene Glycol Derivatives »r 
DNAs Using Imidazole-Actlvated Carboxvlic 

Acid Esters. Polylvsine Linker. 
DSS AND BIS-A minoalkvl Polyethylene Glycol 
In this example, a 25 nucleotide DNA comple- 
mentary to the initiation region of mouse 6-globin mRNA 
was synthesized according to the method given in Ex- 
ample 1. After synthesis, the synthesis support was 
treated with 80$ acetic acid for 30 minutes to remove 
trityl from the 5' end of the molecule. The solid ma- 
terial was then thoroughly washed wi th anhydrous aceto- 
nitrile and blown dry under a stream of dry argon and 
treated with 0. 3 M carbonyldiimidazole as in Example H 
The 5' carbonyldiimidazole-activated oligomer on the ' 
column was then washed free of excess reagent with 15 
ml of acetonitrile and then treated with 0.2M poly-L- 
lysine (MW-IOOO) dissolved in 50? acetonitrile contain- 
ing 0. 1M sodium phosphate, pH 8 for 1 6 hours at room 
temperature. 
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The material on the column was washed free of 
salts and unreacted polylysine with water and aceto- 
nitrile and then eluted from the column with concen- 
trated ammonium hydroxide. After removal from the 
column, the ammonium hydroxide solution containing the 
oligomer conjugate was incubated 5 hours at 55°C in a 
sealed glass vial. The product was then lyophilized 
several times from 50$ aqueous ethanol and purified via 
gel filtration chromatography on TSK G4000SW in 10 mM 
Tris buffer, pH 7.5. The presence of a primary amine 
was determined by reaction with f luorescamine . No 
fluorescence was observed with control oligomers 
lacking the polyamine linker. 

In order to render the polyamine conjugate 
negatively charged, the complex was reacted with FITC 
to label the molecule and to neutralize the positive 
charges on the amines. This was accomplished by dis- 
solving a portion of the material in 100 pi 0.1M sodium" 
bicarbonate to which was added 1 mg of FITC. After 1 
hour of incubation, the unreacted FITC was removed by 
gel filtration chromatography on Sephadex G-25 spun 
columns (Maniatis et al . , (1982), supra * The product 
was then analysed by poiyacrylamide gel electrophoresis 
carred out as described by Maxam and Gilbert (1980) 
supra and the fluorescent band product visualized under 
UV illumination. A broad fluorescent band was observed 
which corresponds to the DNA visualized by Stains-all. 

The oligomer containing polylysine covalently 
linked to the 5 r end of the molecule was then cross- 
linked to bis-(aminohexyl) polyethylene glycol (MW =» 
3500) as follows. The polylysine oligomer is first 
dialysed against 0.1 M -sodium carbonate, 3M NaCl and 
concentrated to a final concentration of 4 mg/ml using 
a Centricon 10 apparatus (Amicon, Danvers, N.J.). To 
50 ]xl of this solution was added 25 yl of disuccinimi- 
dyl suberate (DSS, '10 mg/ml in DMS0) and the mixture 
incubated 10 minutes at room temperature. The unre- 
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acted DSS was then quickly removed by gel filtration on 
Sephadex G25 and concentrated on Centricon 10 mem- 
branes. The solution was then made to 0. 2M in bis- 
(aminohexyl) polyethylene glycol and incubated over- 
5 night at room temperature to form the final conjugate. 
Purification was effected on TSK G4000 SW columns 
operated as previously described. 

This conjugate has the following general 

formula : 

10 1. Formulation Type I 

0 0 0 

oligomer - 0 - C - NH - (CH - C - NH) -JhcOOH 

(CH ) (CH ) 

15 | 2 4 I 2 4 

NHX NH' 

Where X is usually H, at least one X being 
-CO(CH 2 ) 6 COHN-PEG 5000 . 

20 

By varying, the reaction excess or the molecu- 
lar weight of the polyethylene glycol and the poly- 
lysine used it is possible to construct polymer conju- 
gates with varying degrees of substitution size and 
2g charge. The ability to vary these properties of the 
complex make it possible to design the use of the com- 
pound in various applications. 

EXAMPLE 7 

30 Synthesis of Polyethylene Glycol 

Derivatives of DNA Methylphosphonates 
The chemical synthesis of DNA methylphospho- 
nates (MP) may be carried out using a modification of 
the phosphochloridite method of Letsinger (Letsinger et 
35 fiiv J. Amer. Chem. Soc. (1975) .97:3278; Letsinger and"" 
Lunsford, J. Amer. Chem. Soc. (1976) j^: 3605-3661 ; 
Tanaka and Letsinger, Nucl. Acids. Res. (1982) 25:3249- 
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60. In this procedure, dried blocked nucleosides dis- 
solved in anhydrous acetonitrile 2,6-lutidine , are 
activated in situ with a stoichiometric amount of 
methyl dichlorophosphine . The activated nucleoside 
monochloridites are then added sequentially to the 5' 
hydroxy terminal nucleotide of the growing DNA chain 
bound to controlled pore glass supports via a succinate 
spacer (Matteucci and Caruthers, Tetrahed. Lett, (1980) 
21_:7l9-722. Each addition is followed by capping of 
unreacted 5 T -hydroxyls with acetic anhydride, iodine 
oxidation, and 5 '-detri tylation in 3% trichloroacetic 
acid-methylene chloride. 

The resin-bound methylphosphorlate oligomers 
are then dried by extensive washing in anhydrous aceto- 
15 nitrile and the process repeated. Normal cycle times 
using this procedure are 23 minutes with condensation 
efficiencies of >32% (as judged by trityl release). 
The ultimate base may be added as the cyanoethyl phos- 
photriester which yields, upon cleavage in base, a 5'- 
terminal phosphodiester . This step makes it possible 
to radiolabel the oligonucleotide, purify and sequence 
the product using gel electrophoresis at intermediate 
stages of preparation (Narang et^ al . , Can. J. Biochem. 
(1975) J53.:392-394. Miller et al . , Nucl. Acids Res. 
25 (1983) 11 :6225-6242. 

An amine-terminated linker arm is then added 
as follows • Trityl is removed as before and the resin 
treated with 0,2M Aminolink (Applied Biosystems, Foster 
City, CA) dissolved in dry acetonitrile containing 0.2M 
dimethylaminopyridine for 5 minutes. The linker arm 
oligonucleotide is then oxidized in iodine and washed 
in acetonitrile as above. Capping with acetic an- 
hydride is not performed since any deblocked primary 
amine would be modified to the base-stable acetamide 
and thus be unavailable for further reaction. 

At the end of the synthesis, the amine termi- 
nated linker arm methylphosphonate oligomer is base 
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deblocked as follows. The resin containing the DNA is 
removed from the column and placed in a water jacketed 
column. and incubated in 1-2 ml phenol rethylene diamine 
(4:1) for 10 hours at 40°C. At the end of the incuba- 
tion in 'phenol :ethylene diamine, the resin is washed 
free of the phenol reagent and base protecting groups 
released using methanol, water, methanol and methylene 
chloride in succession. After drying in a stream of 
nitrogen, the intact, base-deblocked chains are cleaved 
from the support using EDA:ethanol (1:1) or a brief 
treatment at room temperature with ammonium hydroxide. 

Purification of the amine-terminated DNA 
methylphosphonate is then performed as follows. The 
material is first lyophilized several times from 50% 
aqueous ethanol and purified via reversed phase HPLC 
C-8 silica columns eluted with 5 to 50% acetonitrile/ 
25mM. ammonium acetate, pH 6.8 in a linear gradient. 
Amine-containing fractions, as determined by fluores- 
camine reactivity, are pooled and the product recovered 
by drying in vacuo and further purified by ion-exchange 
HPLC on Nucleogen DEAE 60-7 eluted with 20? aceto- 
nitrile/ 25mM ammonium acetate, pH 6.5. 

The purified product is then converted to the 
appropriate polyethylene glycol derivative using the 
heterobifunctional crosslink ing agents SMCC and SAT A 
(succinimidyl S-acetylthioacetate) . Reactions using 
other reagents which can react with and modify the 
nucleoside bases (e.g. sulfonyl chlorides, glutaralde- 
hyde or acid anydrides) are not recomended unless per- 
formed with the fully blocked oligonucleotide still 
bound to the synthesis support. 

The DNA methylphosphonate containing 5* ter- 
minal reactive amine linker arms is first reacted with 
SATA in a 100-1000 fold molar excess at pH 8,5 (G.1M 
35 sodium bicarbonate) . After 30 minutes at room temper- 
ature, the excess unreacted SATA is removed by G-25 
column chromatography in water, concentrated in vacuo 
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and stored cold until ready for further reaction. Bis- 
(aminohexyl) polyethylene glycol is converted to the 
maleiraide derivative by treatment with a 100-1000 fold 
molar excess of SMCC in 0.1M phosphate buffer, pH 6,9 
^ for 1 hour at room temperature. Excess crosslinking 
agent is removed by chromatography on Sephadex G-100 
and the material concentrated ill vacuo and stored cold 
until ready for further reaction. This material is 
stable for about one week when kept cold. The SATA DNA 

10 methylphosphonate is then treated with hydroxyl amine 
HC1 dissolved in 0.1M phosphate buffer (pH adjusted to 
7.2) for 1-2 hours. This treatment serves to release 
the reactive sulfhydryl. This product is then reacted 
overnight with a 10 fold molar excess of bis-(SMCC 

15 aminohexyl) polyethylene glycol by addition of the lat- 
ter as a powder to the solution containing the 
oligomer. 

Purification of the complex is then effected. 
Unbound oligonucleotide is removed by gel filtration on 
20 Sephadex G-100 or HPGFC on TSK G400SW eluted with 10mM 
Tris, pH 7.5. The diagrammatic structure of the final 
product of this procedure is: 



25 oligomer - P - 0 - (CH 2 ) 2 - MH - C - (CH 2 ) - S 
MP | | 

OH Z — C 

0 =» C C - 0 

30 PEG (3500) 

EXAMPLE 8 

Synthesis of Polyethylene Glycol Derivatives of 
DNA Alkyltriesters Using the Phosphoramidlte Approach 
35 The synthesis of the title compound triesters 

is performed according to the method of Zon and co- 
workers (Gallo et al., Nucl. Acids. Res. (1986) 
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r^:7405-20; Summers e£ al . , Nucl. Acids Res. (1986) 
JT4_:7421 -36 . The method of synthesis Is similar to that 
used for in situ production of ethyl triesters as de- 
scribed In the other examples. Fully blocked dimeth- 
oxytrityl nucleosides are dried' by repeated lyophili- 
zation from benzene, dissolved in anhydrous aceto- 
nitrile/2 ,6-lutidine and added dropwise to a stirred 
solution of chlorodiisopropylaminoethoxyphosphine in 
the same solvent at -70 °C. The product is recovered by 
aqueous extraction, drying in vacuo and silica gel 
chromatography. 

The chemical synthesis of DNA ethyl triesters 
(ETE) can be carried out using slight modifications of 
the conventional phosphoramidite methods. In this 
technique, nucleoside phosphoramidites dissolved in 
anhydrous acetonitrile are mixed with tetrazole and 
sequentially coupled to the 5 '-hydroxy terminal nucleo- 
side bound to CPG. Nucleoside addition is followed by 
capping of unreached S'-hydroxyls with acetic anhy- 
dride, iodine oxidation, and 5 '-detritylation in tri- 
chloroacetic acid-methylene chloride. The resin-bound 
oligomer is then dried by extensive washing in anhy- 
drous acetonitrile and the process repeated. Normal 
cycle times using this procedure are 17 minutes with 
condensation efficiencies of >96% (as* judged by trityl 
release). The terminal residue is conventionally added 
as a diester in order to facilitate radiolabeling and 
purification. The 5 r -terminal trityl group is left if 
HPLC purification is desired, but generally the 5 r - 
terminal trityl is removed and the Aminolink procedure 
described in Example 1 is used. 

At the end of the synthesis, the fully blocked 
product is base-deblocked as follows. The resin con- 
taining the fully protected DNA is removed from the 
column and placed in a water- jacketed chromatography 
column. The resin is then incubated in 1-2 ml phenol: 
ethylene diamine (4:1) for 10 hours at U0°C. At the 
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end of the incubation in phenol : ethylene diamine, the 
resin is washed free of the phenol reagent and base 
protecting groups released using methanol, water, meth- 
anol and methylene chloride in succession. After 
drying in a stream of nitrogen, the intact, base- 
deblocked chains are cleaved from the support using 
EDA:ethanol (1:1) or a brief treatment at room tem- 
perature with ammonium hydroxide. 

Purification of the Aminolink DNA ethyl tri- 
ester product is then performed as follows • The 
material is first lyophilized several times from 50? 
aqueous ethanol and purified via reversed phase HPLC 
C-8 silica columns eluted with 5 to 50% acetoni tr ile/ 
25mM sodium acetate, pH 6.8 in a linear gradient. 
Amine-containing fractions as determined by fluores- 
camine reactivity are pooled and the product recovered 
by drying in vacuo and further purified by ion-exchange 
HPLC on Nucleogen DEAE 60-7 eluting 25$ acetonitrile/25 
mM ammonium acetate, pH 6.5* 

The product oligonucleotide is then suitable 
for coupling to polyethylene glycol by any of the tech- 
niques previously described. In our experiments sev- 
eral techniques have been used, including SMCC, SPDP, 
carbonyldiimidazole , disuccinimidyl suberimidate and 
phenylisocyanate . 

The SMCC/SPDP coupling reaction is as follows. 
The linker arm probe is coupled to excess SPDP followed 
by reduction with dithiothreitol (DTT), the unreacted 
DTT removed and the product allowed to cross-link 
through the free sulfhydryl to SMCC previously coupled 
to bis-(aminohexyl) polyethylene glycol (PEG) . The 
formation of the thioether linkage is rapid and selec- 
tive and the linkage formed is quite stable to a 
variety of conditions. The precise method of linkage 
formation is as follows: 

The DNA containing- amine linker arms is re- 
acted with SPDP in a 100-1000 fold molar excess at pH 
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8.5 (0.1M sodium bicarbonate). After 1 hour at room 
temperature, the excess unreacted reagent is removed by 
G-25 column chromatography and the probe SPDP conjugate 
concentrated iji vacuo . Bis-(aminohexyl) polyethylene 
glycol is converted to the maleimide derivative as de- 
scribed in the previous example. The SPDP DMA triester 
is then treated with 10 mM mercaptoethanol dissolved in 
0.1M phosphate buffer (pH adjusted to 7.2) for 1 hour. 
This treatment serves to release the 5 1 thiopyridone 
thus forming a reactive sulfhydryl. Excess reducing 
agent is then removed using a G-25 spun column operated 
as previously described with the exception that all 
separations are performed in degassed 0.1M phosphate 
buffer, pH 6.8 under a nitrogen atmosphere to prevent 
the reoxidation of the terminal SH. In this procedure 
it is essential that all excess reducing agent be re- 
moved in order to prevent its subsequent reaction with 
the. maleimidylated polyethylene glycol. 

Thiopyridone released in this procedure pro- 
vides a convenient indirect method for quantitating the 
presence of the. 5 f -terminal SH. Thiopyridone released 
by reduction has a UV absorption at 343nm. By follow- 
ing the increase in absorbance of the. solution at this 
wavelength, the course of the reduction is easily fol- 
lowed. The thiopyridone can then be quantitated using 
a molar extinction coefficient of 8080. The product is 
then reacted overnight with a 10 fold molar excess of 
bis-(SMCC-aminohexyl) polyethylene glycol by addition 
of the latter as a powder or a concentrated solution to 
the solution containing the SH terminated oligomer tri- 
ester. The reaction is allowed to proceed overnight at 
25°C.' 

Purification of the complex is then effected. 
Unbound oligonucleotide is removed by gel filtration on 
Sephadex G-100 or HPGFC on TSK G4000SW eluted with 10mM 
Tris, pH 7.5. The diagrammatic structure of the final 
porduct of this procedure is: 
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0 0 

II I! 

oligomer - P - 0 - (CH 2 ) 2 - NH - C - (CH ) -S 
ET3 | 2 2 | 

5 ° H /~~\ 

0 = C C = 0 

PEG (3500) 

10 

EXAMPLE 9 

Synthesis of Polyether Derivatives of DMA Alkyl and 
Aryltriesters Using the Phosphate Triester Approach 
Synthesis of Phosphotriester Oligonucleotides 

1 5 of Varying Alkyl and Aryl Substituent Type . 

The best available method for the production 
of the various triesters of variable alkane chain 
length* is via conventional phosphate triester chemistry 
to synthesize the desired sequences as the Jv-chloro- 

20 phenyl phosphate triesters (PTE). Upon completion of 
the synthesis, the fully protected oligonucleotide 
chlorophenyltriesters bound to the synthesis support 
are subjected to ester exchange in the presence of 
tetrabutylammonium fluoride and the desired alcohol. 

25 This basic method for the construction of DNA oligonu- 
cleotides is classical DNA synthesis chemistry. See 
Gait, (198*0 Olignucleotide Synthesis: A Practical 
Approach , IRL Press, Washington, D.C. 

The chemical synthesis of DMA jr- or ^o_-chloro- 

30 phenyl phosphotriesters was carried out using a modifi- 
cation of the phosphochloridite method of Letsinger 
Tanaka and Letsinger, Nucl. Acids Res, (1982) 25 :Z2k9- 
60. For automated DNA synthesis, see Alvarado-Urbina 
et al. , Science (1981) 214 :270-273. 

35 Fully blocked and dried nucleosides dissolved 

in anhydrous acetonitrile 2,6-lutidine and activated in 
situ with chlorophenoxydichlorophosphine are sequen- 
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tially added to the 5 '-hydroxy terminal nucleotide of 
the growing DNA chain bound to controlled pore glass 
supports via a succinate spacer as in previous exam- 
ples. Derivatized glass supports, fully blocked 
nucleosides and other synthesis reagents are commer- 
cially available through Applied Biosystems '(San 
Francisco, CA) or American Bionuclear (Emeryville, CA). 
Nucleoside addition is followed by capping of unreacted 
5* -hydroxyls with acetic anhydride, iodine oxidation, 
and 5 f -detritylation in trichloroacetic acid-methylene 
chloride. 

The resin bound oligomer chlorophenyltriester 
is then dried by extensive washing in anhydrous aceto- 
nitrile and the process repeated. Normal cycle times 
using this procedure are 13 minutes with condensation 
efficiencies of >92% (as judged by trityl release). 
The ultimate base may be added as a 8-cyanoethyl phos- 
ph9triester which yields, upon cleavage in base, a 5 f - 
terminal phosphodiester . This step makes it possible 
to radiolabel the oligonucleotide and to purify and se- 
quence the product using gel electrophoresis (Narang et 

Can. J. Biochem. (1975) j>3_:392-4; Miller et al . , 
Biochemistry (1986) 25:5092-97. 

The fully blocked material bound to the syn- 
thesis support is then subject to ester exchange in the 
presence of tetrabutylammonium fluoride (TBAF) and the 
desired alcohol under anhydrous conditions. This 
method yields rapid and quantitative alcohol exchange. 
The reaction is complete within 20 minutes for most 
aryl and alkyl alcohols which are capable of forming 
stable products. 

In this example, anhydrous n-propanol is used 
to dissolve TBAF to a final concentration of 0.2M. The 
solution is then percolated slowly over the resin con- 
taining the oligomer chlorophenyl triester and allowed 
to react for about 1 hour at room temperature. The 
resin is then washed with methanol and acetonitrile and 
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dried under a stream of dry argon. Amine linker arm 
addition, deblocking and purification are then effected 
as in Example 8. Polyethylene glycol conjugation is 
performed as in Example 7. The final yield of conju- 
^ gate is about 10% of the starting equivalents of nucle- 
oside resin used. The diagrammatic structure of the 
final product is: 



10 oligomer - P - 0 - (CH 2 ) 2 - NH - C - (CH ) -S 
PTE | 2 2 | 

OH C — C . 

/ \ 

0 = c c 
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EXAMPLE 10 
The Effect of Trityi Terminated 
20 Oligonucleotides on the Synthesis of 3-globin 

Protein in vitro and in Cultured Cella 
Using the methods of synthesis provided in the 
previous examples, both normal and ethyl triester type 
oligonucleotides were constructed. In the simplest 
2 ^ example of an amphiphilic DNA conjugate containing a 
hydrophobic grouping at the 5 f end of the molecule, the 
trityi group is left on at the end of the synthesis. 
Purified materials of this type were tested for their 
effectiveness in preventing the specific expression of 
hemoglobin in mouse ery throleukemia cells induced to 
produce hemoglobin. The oligonucleotides tested in 
these and the following examples are given in Table I. 
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The cells chosen for these experiments are 
Friend murine erythroleukemia (MEL) cells which can be 
induced to synthesize hemoglobin by a variety of agents 
5 including DMSO and butyric acid (cf . Gusella and 

Houseman, Cell (1976) 8:263-269. MEL cells are grown 
in culture using conventional techniques in a CO2 
incubator. 

Induced cells which are expressing globin can 

10 be visualized by benzidine treatment which stains hemo- 
globin-producing cells blue (Leder et al. , Science 
(1975) 190 :893, Cells were exposed to the selected 
oligonucleotide conjugates at concentrations ranging 
from 1 mg/ml to 1 pg/ml during induction. Controls 

15 included mock-treated cells and cells treated with 

random sequence oligomer controls. Treated cells were 
scored at various time intervals for globin production 
based on staining intensity and the results compared to 
controls. About 50% of the control cells are 

20 inducible. Cell death or damage due to treatment is 
scored by Trypan blue exclusion in order to obtain an 
indication of toxicity and cell damage. 

The results obtained are presented in Table 
II. These results show that the trityl terminated 

25 oligomers are more effective in producing the desired 
degree of synthesis inhibition. The trityl modified 
oligomers however showed some degree of cell damage 
which would not recommend their general use as 
therapeutic agents. 
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EXAMPLE 11 

The Effect of Long Chain Alky! Terminated 
Oligonucleotides on the Synthesis of 
5 B-globin Protein in Cultured Cells 

Using the method of synthesis provided in the 
previous examples, 15 to 20 base long oligonucleotides 
conjugated to a 5' -terminal aminoalkane were construct- 
ed as described in Example 5. Purified materials of 
10 this type were tested for their effectiveness in pre- 
venting the specific expression of hemoglobin in MEL 
cells induced to produce hemoglobin. The results are 
given in Table III. The protocol for the test is given 
in Example 10. 

15 



TABLE III 

THE EFFECT OF INCREASING HYDROPHOBIC ITY ON THE 
EFFECTIVENESS OF OLIGONUCLEOTIDES IN PREVENTING 
20 HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



Inhibition of 

Treatment Viable Cells Benzidine Cells 



25 



3» 



DMSO Control 46% 0% 

MBG-20 Antisense 50 yM 50% 41% 

MBG-20-C 2 50 vM 61% 41% 

MBG-20-Cg 50 yM 60% 48% 

MBG-20-C 1Q 50 yM 62% 66% 



*See Table I. 



As shown in Table III, the results obtained 
indicate that the aminoalkane-terminated oligomers are 
more effective in producing the desired degree of se- 
lective synthesis inhibition than their cognate se- 
35 quences lacking the terminal alkane. For example, the 
C 1Q derivative was about 60% more effective than the 
control unmodified 20 mer in reducing the number of 
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•hemoglobin positive cells. In general, the longer the 
alkyl chain, the lower the concentration of oligomer 
required to effect the same % of inhibition. 

15 EXAMPLE 12 

The Effect of Fluorescein Terminated 
Oligonucleotides on the Synthesis of 
g-globin Protein in Cultured Cells 
Dsing the methods of synthesis provided in Ex- 
ample 1, 15 to 20 base long oligonucleotides conjugated 
to a 5' -terminal fluorescein using ethylene diamine as 
the linker were constructed. This material has the 
further advantage that uptake of the oligomer into the 
cells can be monitored by fluorescence microscopy which 
15 provides further evidence of the cellular fate of the 
product. Purified fluorescent oligomers were tested 
for their effectiveness in preventing the specific ex- 
pression of hemoglobin in MEL cells induced to produce 
hemoglobin. The results are shown in Table IV. The 
protocol for the test is given in Example 10. 

TABLE IV 



10 



20 



25 



35 



THE EFFECT OF FITC CONJUGATION ON THE INHIBITION OF 
HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



Oligomer* Viable C ells Benzidine 8 cilia 



DMSO Control 53% 0 % 

MBG-20 Antisense 50 pM 73% 35% 

^~?2~£2- piTC 50 U M 68% 45% 

JS^O-Cg-FITC 50 pM 76% 36% 

MBG-20-C 10 -FITC 50 yM 72% 52% 



*See Table I. 



As shown in Table IV, the results obtained in- 
dicate that the fluorescein-terminated oligomers are at 
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least as effective in producing selective inhibition of 
hemoglobin synthesis as their cognate control sequences 
lacking the FITC. Further, fluorescence microscopy of 
the treated cells showed enhanced fluorescence due to 
5 f luoresceinated oligomer uptake. These cells were then 
isolated, washed several times in physiological saline 
and lysed by freeze thawing several times in water. 
The resultant solution was centrifuged to remove cell 
debris and the amount of f luoresceinated oligomer pres- 

10 ent quantitated in an Aminco spectrof luorometer . The 
results obtained showed that the treated cells assim- 
ilated an average of 10 7 molecules of f luoresceinated 
oligomer per cell. This is about 10 times higher than 
cellular uptake of similar DNA oligomers (i.e lacking 

15 the solubility) moiety of about 10 6 molecules per cell. 



hydrophobic moiety, in this case fluorescein, to the 
oligomer results in substantially increased cellular 
uptake of the oligomer without affecting its ability to 
20 selectively block protein synthesis. 

EXAMPLE 13 

The Effect of Polyethylene Glycol Terminated 
Oligonucleotides on the Synthesis of B-globin 
25 Protein in Cultured Cells 

Osing the methods of synthesis provided in the 
previous examples, 20 base long oligonucleotides conju- 
gated to a 5 '-terminal polyethylene glycol were con- 
structed as described in Example 4. These molecular 
30 conjugates were purified and tested for their effec- 
tiveness in preventing the specific expression of 
hemoglobin as described in Example 10. 



Thus it can be seen that the addition of a 
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TABLE V 

THE EFFECT OF POLYETHYLENE GLYCOL CONJUGATION ON THE 
INHIBITION OF HEMOGLOBIN SYNTHESIS IN CULTURED CELLS 



15 



Oligomer ^ Viable Cells Inhibition of 
Conjugate (% of Control) Benzidine Cells 



DMSO Control 
MBG-15 Antisense 
MBG-15-C, 
10 PEG(SS) 

MBG-20 + PEG(ss) 

DMSO Control 
MBG-20-PEG(ss) 







33% 


0% 


100 


pM 


50% 


25% 


100 


pM 


60% 


22% 


100 


pM 


43% 


24% 


100 


UM 


43% 


78% 






65% 


0% 


15 


UM 


0% 


95% 


5 


U M 


62% 


52% 


1 


VM 


nd 


-2% 


0.1 


yM 


64% 


-5% 



*See Table I. 
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As shown in Table V, the results, obtained show 
that oligomers conjugated to polyethylene glycol are 
more effective in producing the desired degree of 
selective synthesis inhibition than controls. The 
polyethylene glycol conjugate in this experiment was 
found to be approximately 10 times more active in pre- 
venting the expression of hemoglobin than the control 
combination of the 20 mer and polyethylene glycol. It 
is also interesting to note that the simple addition of 
polyethylene glycol to the medium increases the effec- 
tiveness of the added control antisense oligomer, in 
consonance with the increased effectiveness observed 
for the PEG conjugates. 

It is evident from the above results that the 
novel conjugates of the subject invention provide sub- 
stantial advantages in enhancing the efficiency in 
35 which transcriptional mechanisms may be modulated, in 
accordance with the subject invention, a wide variety 
of cellular, both prokaryotic and eukaryotic, as well 



30 



SUBSTITUTE SHEET 



WO 88/09810 




PCT/US88/02009 



41 



as viral, physiological processes may be regulated. 
The compositions can be used in vitro and in vivo . In 
the former, systems can be studied, mammalian cells 
protected from mycoplasma, phenotypes modified, and the 
like. In the latter, the compositions can be used for 
therapy in inhibiting the proliferation of pathogens, 
selectively inhibiting certain classes of cells, e.g., 
B-cells and T-cells, or the like. 

All publications and patent applications men- 
tioned in this specification are indicative of the 
level of skill of those skilled in the art to which 
this invention pertains • All publications and patent 
applications are herein incorporated by reference to 
the same extent as if each individual publication or 
patent application was specifically and individually 
indicated to be incorporated by reference. 

Although the foregoing invention has been de- 
scribed in some detail by way of illustration and ex- 
ample for purposes of clarity of understanding, it will 
be obvious that certain changes and modifications may 
be practiced within the scope of the appended claims. 



25 
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WHAT IS CLAIMED IS: 



1. A method for inhibiting the maturation or 
translation of a messenger RNA in a cell, said method 
comprising : 

contacting said cell with a composition com- 
prising an oligonucleotide sequence complementary to a 
transcription product of said cell and a group cova- 
lently linked to said oligonucleotide sequence to 
provide an amphiphilic molecule, whereby said 
composition migrates into the cell interior resulting 
in the inhibition of maturation ahd/or translation of 
said transcription product. 

15 2 * A method according to Claim l, wherein 

said cell is in culture and said composition is 
introduced into the nutrient medium. 



10 



20 



3- A method according to Claim 1, wherein 
said oligonucleotide is of from about 6 to 30 
nucleotides. 

4. a method according to Claim 3 f wherein at 
least one of said oligonucleotides has a phosphate as 

25 the phosphorus moiety. 

5. a method according to Claim 3, wherein at 
least one of said oligonucleotides has a phosphonate 
with an alkyl group of from 1 to 3 carbon atoms as the 
phosphorus moiety. 

6. A method according to Claim 1, wherein 
said group is a hybridphobic aromatic group. 

3 5 

7. A method according to Claim 7, wherein 
saxd aromatic group is a trityl group. 
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8. A method according to Claim 7, wherein 
said aromatic group is a fluorescein group. 

9. A method according to Claim 1, wherein 
said group is a polyalkyleneoxy group, wherein said 
alkylenes are of from 2 to 10 carbon atoms. 



10. A method according to Claim 9, wherein 
said polyalkyleneoxy group is from about 6 to 200 
10 units. 



11. A cell comprising a composition com- 
prising an oligonucleotide sequence complementary to a 
transcription product of said cell and an amphiphilic 

15 or hydorphobic group covalently linked to said 

oligonucleotide sequence to provide an amphiphilic 
molecule. 

12. A cell according to Claim 11, wherein 
20 said cell is in culture. 

13. A composition of matter comprising: 

an oligonucleotide sequence of at least six 
nucleotides complementary to a transcriptional product 
25 of a cell; 

an amphiphilic group comprising a polyalkyl- 
eneoxy group, wherein said alkylenes are of from 2 to 
10 carbon atoms; 

a linker of at least one atom covalently 
30 bonded to said oligonucleotide sequence and to said 
amphiphilic group. 

14. A composition of matter according to 
Claim 13, wherein said oligonucleotide is of from about 

35 6 to 30 nucleotides. 
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15. A composition of matter according to 
Claim 13, wherein at least one of said oligonucleotides 
has a phosphate as the phosphorus moiety. 

5 16. A composition of matter according to 

Claim 13, wherein at least one of said oligonucleotides 
has a phosphonate with an alkyl group of from 1 to 3 
carbon atoms as the phosphorus moiety. 



10 



17. A composition of matter according to 
Claim 13, wherein said linking group includes at least 
one of an amino, quinone, thioether, or amide group. 

18. A composition of matter according to 
15 Claim 13, wherein said oligonucleotide sequence is 

complementary at least in part to a non-coding region. 

19. A composition of matter according to 
Claim 13, wherein said oligonucleotide sequence is 

20 complementary at least in part to a coding region. 
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